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FIELD OF THE INVENTION 
(0001 J The present invention relates generally to semiconductor devices, and more particularly, 
it relates to testing of MOSFETs. 

BACKGROUND OF THE INVENTION 
[0002J Drain current testing of field effect transistors (FETs) is known in the art. Such drain current 

testing (or IDDQ testing) is performed by applying a power supply or drain-to-source voltage to a 

FET device. An excitation voltage is then imposed across the device from an input, such as the gate, 

to an output, and it is determined whether the quiescent or long-term drain-to-source current from the 

power source changes over time. If a defect exists, then the drain-to-source current will increase when 

the defect breakdown occurs. 

[0003J Although such IDDQ testing can detect certain defects, other defects might not be detected in 
a commercially practical period of time by such testing. Thus, devices can pass IDDQ testing and can 
still fail in service due tp defects. When failures occur in service, retrofitting or replacement of 
systems and components may be required. The cost of such retrofitting may greatly exceed the 
original price of the component. 
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SUMMARY OF THE INVENTION 
[0004] In accordance with the present invention, an apparatus and method for performing IDDQ 
testing of devices are provided that overcome known problems with performing IDDQ testing of 
devices. 

[0005] In particular, an apparatus and method for performing IDDQ testing of devices are provided 
that allow faults and defects to be detected that might otherwise remain in devices that pass existing 
IDDQ tests. 

[0006] In accordance with an exemplary embodiment of the present invention, a method for 
testing integrated circuits is provided. The method includes providing an excitation voltage to a 
device, such as a MOSFET. A power supply voltage is also provided to the device, such as a 
drain to source voltage or VCC. The quiescent power supply current of the device is then 
measured, such as the IDDQ of the MOSFET. The power supply voltage to the device is then 
varied, and it is determined whether a change in the IDDQ of the device exceeds a predetermined 
allowable change. 

[0007] The present invention provides many important technical advantages. One important 
technical advantage of the present invention is an apparatus and method for testing devices that uses 
changes in quiescent power supply current to detect devices with potential defects or flaws. The 
present invention is particularly adapted for use with IDDQ testing of MOSFET circuits, where 
changes in IDDQ should not occur with changes in VCC unless there is a defect or flaw in the 
device. 

[0008] The present invention utilizes the fact that quiescent current doesn't change with VCC to 
address the inherent inability to choose a single go/no-go value and still account for all the IDDQ 
variations from lot-to-lot, wafer-to-wafer, or other sources of variation. Likewise, testing 
schemes that utilize multiple IDDQ measurement points with different values of VCC yield 
incorrect results because quiescent current does not change with VCC even for non-defective 
chips. This can be established by considering that IDDQ has two components: 1) parasitic diode 
leakage and 2) sub-threshold conduction. Parasitic diodes in the devices of an integrated circuit 
are either at zero-bias or reverse-biased at VCC. In either case, this component of IDDQ doesn't 
change with VCC. The other component of IDDQ, the sub-threshold conduction current, has 

been observed and proven to independent of VCC, such as by the following equation and proof: 

f 
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Id = W/L*Ido*exp[-Vbs(l/nVt)-(l/Vt)]*[l - exp(-Vds/Vt)]*exp[(Vgs - 



Vth)/(nVt)] 




where 




Id 


drain current 


Vt 


thermal voltage (KT/q) 


Vth = 


threshold voltage 


Vds = 


drain-to-source voltage 


Vbs = 


bulk-to-source voltage 


Vgs = 


gate-to-source voltage 


Ido = 


constant 


W 


width of MOS transistor 


L 


length of MOS transistor 



» Vt (Vt = kT/q ~ 25 mv, Vds ~ VCC) 
= 0 (bulk potential = source potential) 



For the sub-threshold conduction for transistors that are turned off, every node is either at VCC 
or GND. Therefore, if: 

Vds = 0, there is no conduction at all So, we can choose the values of 
Vds = VCC and Vgs = 0 for anaylsis. 
As a result: 

Id W/L*Ido*exp[(Vgs-Vth)/(nVt)] 

~ W/L*Ido*exp[(-Vth)/(nVt)] 
Therefore, Id is independent of VCC. 

[0009J Those skilled in the art will further appreciate the advantages and superior features of the 
invention together with other important aspects thereof on reading the detailed description that 
follows in conjunction with the drawings. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
[0010] A better understanding of the present invention can be obtained when the following 
detailed description of an exemplary embodiment is considered in conjunction with the following 
drawings, in which: 

[0011] FIGURE 1 is a diagram of a system for providing IDDQ variation testing in accordance 
with an exemplary embodiment of the present invention; 

[0012] FIGURE 2 is a flowchart of a method for performing IDDQ testing in accordance with an 
exemplary embodiment of the present invention; 

[0013] FIGURE 3 is a flowchart of a method for performing two stages of IDDQ testing in 
accordance with an exemplary embodiment of the present invention; 

[0014] FIGURE 4 is a flowchart of a method for performing two stages of IDDQ testing in 
accordance with an exemplary embodiment of the present invention; and 

[0015] FIGURE 5 is a flowchart of a method for performing IDDQ testing in accordance with an 
exemplary embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 
10016) In the description that follows, like parts are marked throughout the specification and 
drawings with the same reference numerals, respectively. The drawing figures might not be to 
scale, and certain components can be shown in generalized or schematic form and identified by 
commercial designations in the interest of clarity and conciseness. 

[0017] FIGURE 1 is a diagram of a system 100 for providing IDDQ variation testing in 
accordance with an exemplary embodiment of the present invention. System 100 allows devices 
such as MOSFETs to be tested to detect defects that standard IDDQ testing might not detect. 
[0018] System 100 includes VCC test controller 102, which can be implemented in hardware, 
software, or a suitable combination of hardware and software, and which can be one or more 
software systems operating on a suitable processor, such as a general purpose processing 
platform. VCC test controller 102 is coupled to voltage vector system 104 and IDDQ 
measurement system 106, each of which are coupled to device 1 12, which can be a MOSFET, an 
integrated circuit that includes a plurality of devices including two or more MOSFETs, or other 
suitable devices. Likewise, VCC testing controller 102 is coupled to excitation input system 108 
and excitation output system 1 1 0, which are each coupled across the input and output of device 
112, respectively. Device 112 is also coupled to ground 114, and voltage vector system 104, 
excitation input system 108 and excitation output system 110 can also be coupled to ground 1 14 
or other suitable common voltage reference points. 

[0019] Go/no-go system 116 and IDDQ variation monitor 118 can be implemented in hardware, 
software, or a suitable combination of hardware and software, and can be one or more software 
systems operating on a general purpose processing platform or other suitable processors. As 
used herein, a software system can include one or more objects, agents, threads, line of code, 
subroutines, separate software applications, two or more lines of code or other suitable software 
structures operating in two or more separate software applications, on two or more different 
processors, or other suitable software architectures. In one exemplary embodiment, a software 
system can include one or more lines of code or other suitable software structures operating in a 
general purpose software application, such as an operating system, and one or more lines of code 
or other suitable software structures operating in a specific purpose software application. 
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[0020] Go/no-go system 1 16 is coupled to IDDQ measurement system 106. As used herein, the 
term "couple", and its cognate terms such as "couples" and "coupled", can include a physical 
connection (such as through a copper conductor), a virtual connection (such as one or more 
randomly assigned memory locations of a data memory device), a logical connection (such as 
through one or more logical devices of a semiconducting circuit), a wireless connection, other 
suitable connections, or a suitable combination of such connections. In one exemplary 
embodiment, systems and components are coupled to other systems and components through 
intervening systems and components, such as through an operating system of a general purpose 
processing platform. 

[0021] Go/no-go system 116 receives IDDQ current data from IDDQ measurement system 106 
and determines whether the IDDQ current exceeds predetermined maximum allowable currents. 
In one exemplary embodiment, a maximum and minimum range for IDDQ can be determined 
empirically for device 112, such that if the measured value of IDDQ current is below the 
minimum, then the device can be presumed good and defect free from any significant defects. 
Likewise, the second or maximum IDDQ current can be set at a level such that the device can be 
said to be faulty if the measured value of IDDQ is greater than this level. Go/no-go system 1 16 
can cause testing of device 112 to be stopped if the measured IDDQ is below the minimum 
acceptable voltage level, and can initiate testing through IDDQ variation monitor 118 if the 
voltage is between the minimum and maximum allowable voltages. 

[0022] IDDQ variation monitor 118 receives voltage vector system 104 outputs and IDDQ 
measurement system 106 current, and determines whether the change in IDDQ current as a 
function of voltages applied by voltage vector system 104 indicates potential defects of device 
112. In one exemplary embodiment, applying a power supply voltage and excitation vector to 
device 112 can generate an IDDQ current that includes two basic components. The first 
component is parasitic diode leakage which is the reverse bias current at the source/drain 
junctions. All junctions can be biased at either 0.0 volts or VCC, such that the current through 
IDDQ measurement system 106 remains the same regardless of variations in VCC. 
[0023] The second current component is a subthreshold conduction component. This is the 
source-to-drain current when transistors are supposed to be shut off. Subthreshold conduction 
current does not change with changes in VCC. IDDQ variation monitor 118 generates 
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notification data if variations in IDDQ current measurements as a function of different voltages 
applied by voltage vector system 104 exceed predetermined allowable variations, such that 
potential defects are indicated. 

[0024] In operation, system 100 is used to test devices such as MOSFET 112 to determine 
whether potential defects may exist. System 100 applies a power supply voltage through voltage 
vector system 104 to device 112. An excitation voltage is then applied to device 112 and a 
quiescent IDDQ measurement is obtained. The power supply voltage is then varied to determine 
whether any changes in the quiescent IDDQ current occur. If such changes exceed 
predetermined allowable variations, then device defects can be inferred. System 100 can be used 
in conjunction with existing IDDQ testing, which is based on a "go/no-go paradigm," where the 
device 1 12 is considered acceptable if the IDDQ current is below a predetermined value. System 
100 modifies the "go/no-go paradigm" by adding one or more additional levels at which 
additional IDDQ variation testing is performed. In this manner, system 100 increases the 
reliability of IDDQ testing by detecting devices that would otherwise fail after they have been 
installed in systems or components. 

[0025] FIGURE 2 is a flowchart of a method 200 for performing IDDQ testing in accordance 
with an exemplary embodiment of the present invention. Method 200 allows defects and devices 
to be detected by varying the power supply voltage and determining if changes in IDDQ current 
or power supply current indicate potential defects. 

[0026] Method 200 begins at 202 where a voltage vector is provided to excite a fault in a device. 
In one exemplary embodiment, the voltage vector can be applied to the input and output of a 
MOSFET device or other suitable devices. The device can also be supplied with a power supply 
voltage, such as a drain-to-source voltage or other suitable voltages. The method then proceeds 
to 204. 

[0027] At 204, it is determined when a quiescence state has been reached. In one exemplary 
embodiment, the quiescence state can be reached after a predetermined period of time has passed 
after provision of the excitation vector. Likewise, other quiescence states can be selected. The 
method then proceeds to 206. 

[0028] At 206, the IDDQ as a function of a supply voltage level is measured. In one exemplary 
embodiment, the supply voltage can be increased from a minimum to a maximum at a number of 
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predetermined points. Other suitable supply voltage variations sequences can be used, such as 
from maximum to minimum, random, in accordance with predetermined sequences, based on 
previous IDDQ readings and supply voltage settings, or other suitable sequences. The method 
then proceeds to 208. 

[0029] At 208, it is determined whether the number of readings taken equals the maximum 
number. In one exemplary embodiment, the maximum number can be predetermined, can be a 
function of the variation measured in previous steps, or other suitable procedures can be used. If 
the number of measurements if less than the maximum, then the method returns to 206. 
Otherwise, the method proceeds to 210. 

[0030] At 210, the variation in the IDDQ is determined. In one exemplary embodiment, 
statistical analysis can be applied to the measurement points to determine mean variations, 
maximum variations, median variations, variation trends, or other suitable variations. The 
method then proceeds to 212. 

[0031] At 212, it is determined whether the variation is greater than nominal. In one exemplary 
embodiment, nominal variations can be determined empirically by testing large numbers of 
devices, can be determined in accordance with calculated nominal variations for acceptable 
device variations, or other suitable nominal variations can be used. If it is determined at 212 that 
the variation is not greater than nominal, the method proceeds to 214 where the device is 
accepted. Otherwise, the method proceeds to 216 where notification data is generated. In one 
exemplary embodiment, the notification data can include a report entry for the device that can be 
scanned after completion of testing of all devices. Likewise, robotic control data can be 
generated to remove the device from testing or to mark the device as failed, an operator can be 
notified, or other suitable notification data can be generated. 

[0032] In operation, method 200 allows devices to be tested to detect faults. The devices can 
include MOSFET devices where the IDDQ current is measured as a function of changes in 
supply voltage. If the variations in IDDQ are greater than predetermined nominal variations, 
then it can be inferred that a defect in the device may cause the device to fail. 
[0033] FIGURE 3 is a flowchart of a method 300 for performing two stages of IDDQ testing in 
accordance with an exemplary embodiment of the present invention. Method 300 allows 
multiple IDDQ acceptance levels to be set such that if IDDQ is below predetermined values then 
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devices are accepted without performing additional IDDQ testing, such as where a large number 
of devices are being tested and it is desired to decrease the amount of time for testing each 
device. 

[0034] Method 300 begins at 302 where a vector is applied to a device to excite a fault. The 
vector can be applied to an input and output of the device after the device has been subjected to a 
power supply voltage, or the device can be tested without power supply voltage. The method 
then proceeds to 304. 

[0035] At 304, a quiescent state is selected for the device. The quiescent state can be determined 
by a predetermined period of time, by predetermined length of times and changes, or in 
accordance with other suitable procedures. The method then proceeds to 306. 
[0036] At 306, an IDDQ is measured at a first measurement point. The first measurement point 
can be based on device operating power supply voltages, maximum test overvoltages, or other 
suitable voltages. The method then proceeds to 308. 

[0037] At 308, it is determined whether the IDDQ measured is less than the maximum current. 
If the IDDQ is less than the maximum current, the method proceeds to 310 and the device is 
accepted. Otherwise, the method proceeds to 312. 

[0038] At 312, IDDQ at a different power supply voltage level is measured. The voltage can be 
changed as a function of a predetermined sequence of increasing or decreasing steps, at random 
sequence, based on prior measurements, or other suitable selection criteria. The method then 
proceeds to 314 where it is determined whether all steps have been measured. If the number of 
steps does not equal the maximum number, the method returns to 312. Otherwise, the method 
proceeds to 316. 

[0039] At 316, the variation in IDDQ is determined, such as by determining the maximum 
variation, the mean variation, the median variation, variation trends, or other suitable variations. 
The method then proceeds to 3 1 8. 

[0040] At 318, it is determined whether the variation exceeds nominal values. If variations do 
not exceed nominal values, the method proceeds to 320 where the device is accepted. Otherwise, 
the method proceeds to 322 where notification data is generated. 

[0041] In operation, method 300 allows devices to be tested in a two-stage process, where a first 
level is determined for power supply current. If the first level is not exceeded, then the device is 
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accepted. Otherwise, a second level of testing is performed where variations of power supply 
current as a function of power supply voltage are determined. If these variations do not exceed 
nominal values for variations, then the device is accepted. Otherwise, the device is rejected. 
[0042] FIGURE 4 is a flowchart of a method 400 for performing IDDQ testing in accordance 
with an exemplary embodiment of the present invention. Method 400 allows IDDQ 
measurements at various voltages to be used to determine whether the device is acceptable. 
[0043] Method 400 begins at 402 where a power supply voltage is applied to a device and an 
excitation vector is applied to excite a fault. The power supply voltage can vary from zero to in 
excess of operating levels, and the excitation fault vector can include one or more voltage levels 
that the device may be exposed to during operation up to a maximum design level. The method 
then proceeds to 404. 

[0044] At 404, a quiescent state is selected. The quiescent state can include a predetermined 
period of time, predetermined changes, or other suitable quiescent states. The method then 
proceeds to 406. 

[0045] At 406, IDDQ at a first voltage level is measured. The first voltage can be the operating 
voltage level, a design maximum level, or other suitable levels. The method then proceeds to 
408. At 408, it is determined whether IDDQ is less than a minimum acceptable level. If the 
IDDQ is less than the minimum acceptable level, the method proceeds to 410 where the device is 
accepted. Otherwise, the method proceeds to 412. 

[0046] At 412, it is determined whether IDDQ is greater than a maximum determined allowable 
level, such that a range of IDDQ is tested for. If the IDDQ is greater than the maximum level, 
the method proceeds to 414 where notification data is generated. In one exemplary embodiment, 
the notification data can include data that causes the device to be removed from testing, that 
notifies an operator, that causes a mark to be applied to the device, or other suitable notification 
data can be generated. The method then proceeds to 416. 

[0047] At 416, the variation in IDDQ is determined, such as by determining the maximum 
variation, the mean variation, the median variation, variation trends, or other suitable variations. 
The method then proceeds to 41 8. 
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[0048] At 418, it is determined whether the variation exceeds nominal values. If variations do 
not exceed nominal values, the method proceeds to 420 where the device is accepted. Otherwise, 
the method proceeds to 422 where notification data is generated. 

[0049] In operation, method 400 allows devices to be tested in a two-stage process, where a first 
level is determined for power supply current. If the first level is not exceeded, then the device is 
accepted. Otherwise, a second level of testing is performed where variations of power supply 
current as a function of power supply voltage are determined. If these variations do not exceed 
nominal values for variations, then the device is accepted. Otherwise, the device is rejected. 
[0050] FIGURE 5 is a flowchart of a method 500 for performing IDDQ testing in accordance 
with an exemplary embodiment of the present invention. Method 500 is a special case of method 
400 with measurement points only taken in the final stage. 

[0051] Method 500 begins at 502 where a power supply voltage is applied to a device and an 
excitation vector is applied to excite a fault. The power supply voltage can vary from zero to in 
excess of operating levels, and the excitation fault vector can include one or more voltage levels 
that the device may be exposed to during operation up to a maximum design level. The method 
then proceeds to 504. 

[0052] At 504, a quiescent state is selected. The quiescent state can include a predetermined 
period of time, predetermined changes, or other suitable quiescent states. The method then 
proceeds to 506. 

[0053] At 506, IDDQ at a first voltage level is measured. The first voltage can be the operating 
voltage level, a design maximum level, or other suitable levels. The method then proceeds to 
508. At 508, it is determined whether IDDQ is less than a minimum acceptable level. If the 
IDDQ is less than the minimum acceptable level, the method proceeds to 510 where the device is 
accepted. Otherwise, the method proceeds to 5 12. 

[0054] At 512, it is determined whether IDDQ is greater than a maximum determined allowable 
level, such that a range of IDDQ is tested for. If the IDDQ is greater than the maximum level, 
the method proceeds to 514 where notification data is generated. In one exemplary embodiment, 
the notification data can include data that causes the device to be removed from testing, that 
notifies an operator, that causes a mark to be applied to the device, or other suitable notification 
data can be generated. The method then proceeds to 516. 
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[0055] At 516, the IDDQ at a power supply maximum and minimum is determined. In one 
exemplary embodiment, the maximum can be an operating voltage level or a design maximum, 
and the minimum can be zero, a negative voltage, or other suitable voltages. The method then 
proceeds to 518. 

[0056] At 518, the absolute value of the difference between the IDDQ at the maximum and 
minimum levels is divided by the minimum of either of those two values and it is determined 
whether that value is less than a predetermined value. If the value is less than a predetermined 
value, which can be determined empirically, the method proceeds to 520 and the device is 
accepted. Otherwise, the method proceeds to 522 and notification data is generated. 
[0057] In operation, method 500 provides an IDDQ testing procedure that allows devices with 
defects to be detected that would otherwise pass a go/no-go test. Method 500 identifies a range 
of acceptable IDDQ values and performs additional testing to detect devices with failure modes 
that would not be determined otherwise. 

[0058] In view of the above detailed description of the present invention and associated 
drawings, other modifications and variations will now become apparent to those skilled in the 
art. It should also be apparent that such other modifications and variations may be effected 
without departing from the spirit and scope of the present invention. 
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